Summary. Preimplantation mouse embryos with intact zonae pellucidae were transferred into the uteri of ovariectomized females treated with progesterone, oestradiol-17\g=b\ plus progesterone, or oestradiol-17\g=b\alone; the disappearance of zonae from the uterine lumen was used to determine the presence of 'zona-lytic' activity in situ. Lysis of zonae did not occur in animals treated with progesterone or oestradiol-17\g=b\ alone. However, lysis did occur when oestradiol-17 \ g=b\ was combined with progesterone; 'zona-lytic' activity reached peak levels within 12 to 24 h, then decreased. Attachment of embryos to the uterine epithelium occurred only in animals treated with oestradiol-17\g=b\plus progesterone and was initiated at about the time of peak 'zona-lytic' activity. It is suggested that the chymotrypsin-like enzyme activity present in uterine fluid is involved with the initiation of implantation.
Introduction
The mechanism that is responsible for removal of the zona pellucida in mice at the time of implantation has not been established, but most evidence suggests that a 'zona-lytic' factor from the uterus is involved (Orsini & McLaren, 1967; McLaren, 1969 McLaren, , 1970 Mintz, 1971 ). In addition, it has been suggested that the factor responsible for lysis of the zona pellucida, possibly a proteolytic enzyme or enzyme complex (Bowman & McLaren, 1970; Mintz, 1972; Pinsker, Sacco, & Mintz, 1974) , is also responsible for altering the surface of the blastocysts and thereby initiating attachment of embryos to the uterine epithelium (Mintz, 1972; Pinsker & Mintz, 1973) .
The concentration of a chymotrypsin-like enzyme in the uterine lumen of ovariectomized mice is influenced by treatment with both oestradiol-17ß and progesterone (Hoversland & Weitlauf, 1978 , 1981 : values are low after treatment with progesterone alone (i.e. conditions for delayed implantation) and elevated transiently after injection of oestradiol-17ß in combination with progesterone (i.e. conditions for termination of delayed implantation). Although it was suggested that the enzyme might be involved in zona lysis and initiation of embryo attachment, one of the questions that remained unanswered was whether changes in the concentration of the Five or six embryos with intact zonae pellucidae were transferred into the uteri of recipients at 12:00 h on Day 13 as described previously (Weitlauf & Greenwald, 1968b) . At various times between 12 and 24 h after the transfer (see Table 1 ), recipients were killed and the embryos and zonae pellucidae were recovered by flushing the uteri with a stream of normal saline (9-5 g NaCl/1) from a blunt needle and syringe. The resultant flushings were stained with 5 µ! 1% toluidine blue in normal sahne, to enhance the visibility of zonae, and examined under a compound microscope to determine the numbers of embryos and zonae recovered. Differences in the ratios of recovered zonae to embryos at the various times were tested for statistical significance with contingency tables (Snedecor & Cochran, 1967) .
Experiment 2
Embryo donors and recipients were treated as described in Exp. 1 with the exception that all recipients were injected with progesterone followed by oestradiol-17ß in combination with progesterone (i.e. as in Exp. 1, Group 2). For purposes of reference, 12:00 h on Day 13 (i.e. the time of the first injection of oestradiol-17ß combined with progesterone) is considered 0 h. Five or six embryos with intact zonae pellucidae were transferred into recipients at -24, -12,0, +12, +18, +21 or +24 h and recovered 24 h after the transfer procedure.
Experiment 3
Virgin white Swiss mice were induced to ovulate and mate. They were bilaterally ovariecto¬ mized and ligatures were placed at the cervical end of each uterine horn on Day 4 of pregnancy (10:00-11:00 h). The animals were then allowed to recover for 10 days and randomly allotted to treatment groups to receive progesterone followed by a combination of oestradiol-17 ß and progesterone (Group 4, same (Psychoyos, 1966) were counted and then each uterine horn was flushed with a stream of normal saline to recover unattached embryos.
Results

Experiment 1
Lysis of zonae pellucidae occurred only in animals treated with oestradiol-17ß in combination with progesterone, and this process was essentially complete by 18 h (Group 2, Table 1 ). 
Experiment 2
The level of 'zona-lytic' activity appeared to increase transiently, with peak levels occurring at 0 to +24 h and +12 to +36 h (Table 2) .
Experiment 3
Attachment of embryos occurred only in mice treated with the combination of both hormones; this process was initiated by 18-24 h after the addition of oestradiol-17ß to the progesterone regimen and was essentially completed by 36 h (Group 4, Table 3 ). The failure of embryos to attach in animals treated with oestradiol-17ß alone (Group 5, Table 3 ) was not due to the presence of zonae, as all embryos were zona free. (Orsini & McLaren, 1967; McLaren, 1971) , delayed implantation during lactation (McLaren, 1967 (McLaren, , 1968 , or in prepubertal mice (Mintz, 1971 (Mintz, , 1972 . These findings also agree with reports that lysis of zonae is induced within 18 h after removal of the sucking young or an injection of oestradiol-17 ß into mice with lactational delay (McLaren, 1968 (McLaren, , 1970 Mintz, 1971) . In addition, premature lysis of zonae occurs when pregnant mice are given an injection of oestradiol-17ß before Day 4 of pregnancy (Mintz, 1971) . These previous observations have led to the hypothesis that the appearance of 'zona-lytic' activity in the uterus is oestrogen-dependent. Although this hypothesis is supported by the present results, the finding that lysis of zonae does not occur following treatment with either hormone alone suggests that, although oestradiol-17ß may act as a stimulus for the appearance of 'zona-lytic' activity, actual lysis of the zonae is dependent upon both hormones.
The results of Exp. 1 demonstrate that there is a progressive loss of zonae pellucidae following treatment with oestradiol-17ß in combination with progesterone, and therefore the appearance of 'zona-lytic' activity. However, the design of the experiment does not allow the distinction between two possible explanations: (i) that there were increasing concentrations of 'lytic' activity and zonae were lost when the concentration reached an effective level; or (it) that there were constant levels of 'lytic' activity and zonae were lost with increasing lengths of exposure. In Exp. 2 the length of time that zonae were exposed to the uterine environment was held constant so that comparisons of the levels of 'zona-lytic' activity could be made between different or overlapping intervals. Because the length of exposure was constant, differences in the ratio of zonae recovered to embryos could only represent differences in the level of 'zona-lytic' activity. Comparison of the data obtained at -12 to +12, 0 to +24 and +12 to +36 h clearly indicates that maximal activity occurs later than +12 h, and comparison of the data obtained at 0 to +24 and +24 to +48 h demonstrates that peak levels of activity occurred before +24 h. From the data in Table 3 , therefore, it appears that peak levels of activity are between +12 and + 24 h and most probably maximum at about +18 h. A second injection of oestradiol-17ß in combination with progesterone at 24 h did not result in further increases of 'zona-lytic' activity.
Experiment 3 results demonstrate, as expected, that there is a significant effect of hormone treatment on attachment of embryos to the uterine epithelium. Attachment of embryos occurred only in mice treated with both hormones, it was initiated by 18-24 h and essentially completed by 36 h, as indicated by the decrease in the number of embryos that could be recovered by flushing the uterus. All embryos were free of zonae pellucidae at the time animals were killed and empty zonae were recovered from animals treated with oestradiol-17ß alone. This confirms the observation that embryos in ovariectomized mice escape from the zona by a non-lytic process (probably 'hatching': Orsini & McLaren, 1967) . Because zona-free embryos were recovered, it is clear that attachment is dependent upon more than simply the removal of the zona, possibly an enzyme-dependent alteration in the glycoproteins on the surface of the embryo, as suggested by Pinsker & Mintz (1973) . Mintz (1971 Mintz ( , 1972 has proposed that 'zona-lytic' activity in the uterine lumen is involved in implantation and that the factor responsible for lysis of zonae is also responsible for altering the surface of embryos and thus initiating embryo attachment. The present results are compatible with this hypothesis. However, the finding reported by McLaren (1971) (Bowman & McLaren 1970; Mintz, 1972; Pinsker et al, 1974) . The similarity in the endocrine regulation of 'zona-lytic' activity and initiation of embryo attachment reported here, and that reported for chymotrypsin-like protease activity in uterine fluid (Hoversland & Weitlauf, 1978) suggests that this enzyme may be involved in lysis of zonae and/or initiation of embryo attachment. However, before the chymotrypsin-like enzyme activity in uterine fluid can be implicated in these events, it will be necessary to demonstrate that the purified enzyme in vitro has both 'zona-lytic' activity and the ability to alter the surface of the embryo. 
